Abstract-A limited number of clinical studies have examined the effect of poststroke rehabilitation with robotic devices on hemiparetic arm function. We systematically reviewed the literature to assess the effect of robot-aided therapy on stroke patients' upper-limb motor control and functional abilities. Eight clinical trials were identified and reviewed. For four of these studies, we also pooled short-term mean changes in FuglMeyer scores before and after robot-aided therapy. We found that robot-aided therapy of the proximal upper limb improves short-and long-term motor control of the paretic shoulder and elbow in subacute and chronic patients; however, we found no consistent influence on functional abilities. In addition, robotaided therapy appears to improve motor control more than conventional therapy.
INTRODUCTION
A cerebrovascular accident (CVA), or stroke, is a sudden ischemic or hemorrhagic disturbance in the blood supply to brain tissue that results in partial loss of brain function. The incidence of stroke in the Netherlands is 162 per 100,000 people, which means approximately 25,000 new patients each year [1] . In the United States, approximately 500,000 people (171 per 100,000) experience a stroke each year [2] . This high stroke incidence, in combination with an aging population, which implies future increases in incidence, greatly strains national healthcare services and related costs.
A stroke causes partial destruction of cortical tissue and results in disturbed generation and integration of neural commands. The interrupted generation and integration of neural commands from the sensorimotor areas of the cortex results in a reduced or even absent ability to selectively activate muscle tissue, which affects motortask performance. A consequence of disturbed neural command generation in the sensorimotor cortex is impaired arm and hand motor function [3] . Optimal restoration of arm and hand motor function is essential for stroke patients to independently perform activities of daily living (ADL).
High-intensity and task-specific upper-limb treatment consisting of active, highly repetitive movements is one of the most effective approaches to arm-and handfunction restoration [4] [5] [6] . Unfortunately, standard multidisciplinary stroke rehabilitation is labor-intensive and requires one-to-one manual interactions with therapists. Treatment protocols entail daily therapy for several weeks, which makes the provision of highly intensive treatment for all patients difficult [7] . In addition, the evaluation of patients' performance and progress is usually subjective because few adequate objective measures are available [7] [8] .
Given these problems in stroke rehabilitation, researchers saw an opportunity to create new, technological solutions. The use of robotic devices in rehabilitation can provide high-intensity, repetitive, task-specific, and interactive treatment of the impaired upper limb and an objective, reliable means of monitoring patient progress. With robotic devices, patients may achieve increased gains from rehabilitation treatment.
Many research groups have developed robotic devices for upper-limb rehabilitation, for example, Massachusetts Institute of Technology (MIT)-Manus [9] , Assisted Rehabilitation and Measurement (ARM) Guide [10] , Mirror Image Motion Enabler (MIME) [11] , BiManu-Track [12] , GENTLE/S [13] , Neurorehabilitation Robot (NeReBot) [14] , REHAROB [15] , Arm Coordination Training 3-D (ACT 3D ) [16] , and ARMin [17] . The training these devices provide is based on exercise therapy modalities that the literature and/or clinical practice indicate may help restore upper-limb motor control and function. One such modality is passive movement, in which the robotic device moves the patient's arm (possible in all robotic devices). Another modality is active movement that is either partially assisted by the robotic device, in the case of some voluntary but inadequate function (possible with all robotic devices), or resisted by the robotic device, in the case of voluntary and selective function (only evaluated in MIT-Manus, Bi-Manu-Track, MIME) [9, [11] [12] . A further modality is bimanual exercise, in which active movement of the unaffected arm is mirrored by simultaneous passive movement of the affected arm by the robotic device (only possible in BiManu-Track and MIME) [11] [12] . In most robotic systems, more than one modality is incorporated into a single robotic device. Most robotic devices were designed for training the proximal upper limb (shoulder and elbow) of the hemiparetic arm by enabling movement in multiple directions [9] [10] [11] [13] [14] 16, [18] [19] . The BiManu-Track focuses on the distal upper limb (forearm and wrist) [12] , as does a recent extension of the MITManus robotic device for training of wrist movements [20] . New robotic devices and evolutions of existing devices are continuously being designed (e.g., Furusho et al. [21] and Colombo et al. [22] ) and include several systems for training hand movements (e.g., the force feedback glove of Merians et al. [23] and the devices of Kline et al. [24] and Mulas et al. [25] ).
The design and development of robotic devices have been reported extensively, but only a few clinical studies, which varied in design and methods, have examined the effect of robotic devices on stroke rehabilitation in a clinical setting.
Insight into the use of robot-aided therapy can be obtained through systematic analysis of the literature. Our main objective in performing this systematic analysis was to investigate the effect of robot-aided therapy on the upper-limb motor control and functional abilities of stroke patients.
METHODS

Literature Search
We conducted a systematic search of articles from 1975 to August 2005 in the PubMed, Cochrane Controlled Trials (Rehabilitation and Related Therapies), Center for International Rehabilitation Research Information and Exchange (CIRRIE, http://cirrie.buffalo.edu/), and National Rehabilitation Information Center for Independence REHABDATA (http://www.naric.com) databases. CIRRIE includes research from all areas of rehabilitation conducted outside the United States from 1990 to 2005. We consulted REHABDATA for rehabilitation research conducted within the United States.
We used the following key words in these searches: arm, arms, cerebrovascular accident, CVA, hemiplegia, hemipleg * , hemiparesis, hemipare * , robotics, robot * , stroke, upper extremities, upper extremity, upper limb, and upper limbs. The search strategy that we used for PubMed is presented in the Appendix (available online only at http://www.rehab.research.va.gov/). This strategy was adjusted to suit the other databases. In addition to searching the databases, we checked the references of relevant publications and scanned the proceedings of the 2005 Institute of Electrical and Electronics Engineers 9th International Conference on Rehabilitation Robotics (Chicago, Illinois) for the most up-to-date developments in rehabilitation robotics.
Study Selection
Two reviewers independently selected and summarized studies and scored their methodological quality. The reviewers met regularly to discuss their findings and decisions. In the case of disagreement, a third reviewer was consulted.
To be selected for review, a study had to-1. Be a clinical trial (i.e., compare pre-and posttreatment performance) or controlled trial (i.e., clinical trial with a control group, either randomized or not). 2. Involve stroke patients. 3. Concern movement therapy with a robotic device. 4. Focus on upper-limb motor control (and possibly functional abilities). 5. Use relevant motor control and functional ability outcome measures. 6. Be a full-length publication in a peer-reviewed journal.
Studies on the application of robotic devices for purposes other than therapeutic treatment (e.g., studies on ADL support aids) were excluded. To enable the most complete view of the current literature, we did not limit the search by patient subgroups (i.e., acute, subacute, or chronic) or by language.
In this review, we use "motor control" to indicate aspects of impairments in body functions and upper-limb structures (e.g., decreased strength) and "functional abilities" to indicate limitations in activities (e.g., inability to reach an object).
Methodological Quality Judgment
We selected studies with a variety of designs rather than only randomized controlled trials (RCTs), although RCTs provide the most reliable data on intervention effectiveness. We decided this because this research area is relatively young and only a few clinical studies on upperlimb robot-aided therapy after stroke have been published. The standard items for scoring the methodological quality of RCTs are not suitable for other study designs. Therefore, to evaluate the methodological quality of the selected studies, we applied Kottink et al.'s [26] adapted list of methodological items based on the Maastricht-Amsterdam criteria for RCTs [27] . This list contains 16 items on patient selection, intervention, outcome measurement, and statistics, each of which was scored as positive (yes), negative (no), or unclear (don't know). Each positive score received 1 point and each negative or unclear score received 0 points, with the exception of the study design item, which varied from 1 point for uncontrolled studies to 3 points for RCTs (RCT designs are less sensitive to bias). Thus, the maximum methodological quality score was 19.
Data Extraction
We analyzed the contents of the selected studies using a structured diagram. By filling in this diagram, we were able to scan the general contents of the studies for-1. Descriptive features of the subjects. 2. Intervention(s) implemented in the study. 3. Outcome measures for evaluation of the effects on both motor control and functional abilities. 4. Conclusions based on the results.
The extracted conclusions were considered positive if the change between pre-and posttreatment measurements or the difference between robot-trained and control groups was significantly different (α < 0.05) as calculated by a statistical test appropriate to the research question and the data characteristics.
Data Analysis
In addition to the qualitative interpretation of studies, we performed a quantitative analysis for more objective insight into the effect of robot-aided therapy on motorcontrol recovery. The primary outcome measure for quantification of motor recovery was the upper-limb portion of the Fugl-Meyer (FM) assessment. Using a datapooling model appropriate to the characteristics and data of the selected studies, we pooled short-term changes in FM score before and immediately after robot-aided therapy into a mean difference across studies and calculated the 95 percent confidence interval (CI) of this pooled FM difference.
RESULTS
Study Selection
From the systematic literature search, we identified 17 clinical trials. Of these, 11 were clinical studies from the group that implemented the MIT-Manus beginning in 1997. These publications included several consecutive clinical trials and summaries of those clinical trials and often used the same subjects [9, [28] [29] [30] [31] [32] [33] . Of these 11 studies, only the most representative summary of the clinical trials was included in our analysis [32] along with four separate articles that were clearly dissimilar in research question or experimental setup from the studies in the summary [34] [35] [36] [37] . Three studies that used the MIME also met the selection criteria. The second and third MIME studies [38] [39] used the same subjects as the first MIME study [11] , so we excluded the first study. Although the second and third studies used the same subjects, we included both because they focused on two separate aspects of robot-aided therapy (biomechanics [38] and muscle activation patterns [39] ).
All selected studies concentrated on the restoration of proximal upper-limb function by training of the shoulder and elbow, except for two studies that tested a robotic device (Bi-Manu-Track) for training of the forearm and wrist [12, 40] . Since distal upper-limb training is a different application than proximal upper-limb training, synthesis of the research would have been problematic. Therefore, these two Bi-Manu-Track studies were excluded. This reduced the number of selected studies to the eight studies summarized in Table 1 [10, 32, [34] [35] [36] [37] [38] [39] .
During data extraction, the two raters disagreed on 6 of the 80 general content items (8%). These disagreements were resolved through discussion and the third reviewer was not consulted.
Methodological Quality Judgment
Two of the selected studies were experimental trials with pre-and posttreatment measurements of both an experimental and control group [32, 38] , of which one was an RCT [38] . The remaining six studies had a pre-and posttreatment measurement design for robot-aided therapy without a control group [10, [34] [35] [36] [37] 39] .
The wide range of study designs included in our review was reflected in the methodological quality scores that ranged from 8 [10] to 16 [36, 38] out of a possible 19 points. The two raters disagreed on 7 of the 128 methodological quality items (5%). Again, these disagreements were resolved through discussion and the third reviewer was not consulted.
Patients
The size of the experimental groups ranged from 3 [10] to 42 [35] (total n = 178) and the sizes of the two control groups were 14 [38] and 36 [32] (total n = 50). Except for the studies with 3 [10] and 9 [37] patients in the experimental group, all other studies involved at least 13 patients. Krebs et al.'s summary of multiple trials involved patients with subacute stroke (defined as 2 to 4 weeks poststroke, n = 40 in the experimental groups and n = 36 in the control groups) [32] . The remaining seven studies involved chronic stroke patients (defined as >6 mo poststroke, n = 138 in the experimental groups and n = 14 in the control groups) [10, [34] [35] [36] [37] [38] [39] .
Intervention
Three different robotic devices were used for intervention across the eight studies: the MIT-Manus system was used in five studies [32, [34] [35] [36] [37] , the MIME in two studies [38] [39] , and the ARM Guide in one study [10] . Technical details of these systems can be found elsewhere [10] [11] 32] . All eight studies included short-term pre-and posttreatment measurements, but only four studies included long-term assessments (varying from 3 mo to 3 yr posttreatment) of the influence of robot-aided therapy [32, [34] [35] 38] .
The intervention in each study was robot-aided therapy. The training sessions were similar in seven studies and consisted of repetitive, goal-directed forward-reaching movements (i.e., the upper limb had to be stretched forward to reach the goal and the movement was not necessarily confined to two dimensions). The movements were actively performed by the subject (possibly partially assisted by the robotic device) [10, 32, [34] [35] [36] [38] [39] . One exception was the pilot evaluation of training of vertical (upward) movements that were assisted by MIT-Manus [37] . In Krebs et al.'s summary study [32] , robot-aided therapy supplemented the conventional rehabilitation program. The other studies only used robot-aided therapy.
Participants in control groups received conventional therapy with additional noncontact or nonoperational exposure to the robot (i.e., the robot was turned off). The nature of the conventional therapy was not stated explicitly in those studies [32, 38] .
Outcome Measures
A total of 12 separate outcome measures were used across all studies: 10 motor control measures and 2 functional ability measures. Each study measured at least four different outcomes. All eight studies assessed motor control and six used the upper-limb portion of the FM [32, [34] [35] [36] [37] [38] . Only two studies measured functional abilities; both used the Functional Independence Measure (FIM) [34, 38] .
Content of Studies
Seven studies reported short-term improvements in motor control as a result of forward-directed robot-aided therapy ( Table 1 ). The one study that investigated vertical movements did not report a significant improvement in motor control, although the trend was positive [37] . All four studies that assessed the long-term effects of robotaided therapy on motor control reported significant improvements [32, [34] [35] 38] . Of the two studies that measured functional abilities, one found significant shortterm improvements after robot-aided therapy [34] and the other reported long-term progress [38] .
The two studies that compared data from a robottrained group with a control group reported significant differences in predominantly short-term measures of motor control [32, 38] . These differences favored robotaided therapy. No such trend was reported for functional abilities.
All studies reported that the effects of robot-aided therapy were training-specific: improvements occurred only in the trained shoulder and elbow, and no increase in motor control or functional abilities occurred in the wrist or hand. None of the studies reported adverse effects of robot-aided therapy.
Data Analysis
Five of the eight studies measured pre-and posttreatment upper-limb FM scores after forward-directed robotaided therapy. Of these five studies, one studied subacute [32] and four studied chronic [34] [35] [36] 38 ] stroke patients. We performed a quantitative meta-analysis of the four studies that involved chronic stroke patients [34] [35] [36] 38] . Data presentation was insufficient in two of these studies [34, 38] because the standard deviation (SD) of the change in FM scores was missing; this left two studies (n = total of 70 in the experimental groups) for estimation of a pooled mean difference in FM scores before and after robot-aided therapy [35] [36] . A standard chi-square test for heterogeneity [41] showed nonsignificant systematic variation between these two studies (χ 2 = 0.683, p = 0.43); therefore, we used the fixed-effect model to estimate the pooled mean difference in FM scores [42] .
Change in FM score (i.e., difference between average pre-and posttreatment scores, including SD) and corresponding 95 percent CI for each study are presented in Table 2 and displayed graphically in the Figure. A summary of the results of the two studies with sufficient data showed that robot-aided therapy positively influenced FM scores: the pooled average FM score increased 3.7 points (95% CI = 2.8-4.7). This indicates a statistically significant 6 percent increase in motor control after robot-aided therapy (p < 0.05). The methodological quality scores of all studies are also included in Table 2 and the Figure. Methodological quality and reported changes in FM scores did not appear to be related.
To include estimated results of the two studies with missing SD, we performed a sensitivity analysis [43] . We calculated the adjusted pooled mean difference and the corresponding 95 percent CI for several possible SD values (ranging from 1 to 10 for both incomplete studies). This analysis showed that the adjusted pooled mean difference could vary from 4.0 to 4.7 points and the corresponding 95 percent CI from 3.2 to 6.2 points. Thus, the influence of robot-aided therapy is still positive when these two studies are incorporated. Results of the metaanalysis of the four studies support findings the of qualitative analysis of the eight selected studies.
DISCUSSION
In this systematic review, we qualitatively analyzed eight studies to assess the effect of robot-aided therapy on improvement of upper-limb motor control and functional abilities in stroke patients. The results of the analysis show that forward-directed robot-aided therapy improves several motor-control aspects (e.g., muscle activation patterns, selectivity, and speed of movement) and has longterm effects of several months to several years, as measured at follow-up. The additional quantitative data analysis of short-term changes in upper-limb FM scores supported the positive influence of robot-aided therapy on motor recovery in chronic stroke patients (the pooled mean FM scores after robot-aided therapy increased by 6%). Reinkensmeyer et al. presented comparable findings in a narrative overview of published research [44] , including some earlier MIT-Manus studies. In contrast, the Krebs et al. study that assessed vertical-movement training showed no significant change in motor control, although the results showed a distinct positive trend [37] . No consistent influence of robot-aided therapy on improvement of functional abilities could be detected from the qualitative analysis. This inconclusive finding is consistent with the minimal effect of interventions such as Bobath, neurodevelopmental therapy, proprioceptive neuromuscular facilitation, and Brunnstrom on ADL performance after stroke rehabilitation [45] .
In studies with a robot-trained group and a control group, robot-aided therapy caused more short-term reduction in motor impairments, such as muscle activation patterns and selectivity and speed of movement, than conventional rehabilitation techniques. For functional abilities, no difference was found between the robot-trained and control groups. Only one study examined long-term effects so no firm conclusion can be drawn.
Research in this field is relatively young and few large RCTs have been conducted. Therefore, the factors that might affect the outcome of robot-aided therapy and bias current research findings are still unclear.
An obvious factor affecting the conclusions is that we included studies with both subacute and chronic stroke patients. No apparent difference in the positive influence of robot-aided therapy was found between these patient groups when we looked at all outcome measures qualitatively, but the number of included studies (one subacute, seven chronic) is too small for us to draw firm conclusions. Nevertheless, this information indicates that both subacute and chronic stroke patients can improve upper- ; MIME = Mirror Image Motion Enabler; MIT = Massachusetts (isometric muscle strength); pain = experienced intensity of pain; ROM = range of motion (maximal movement or reach); s/e = shoulder and elbow; tone = muscle tone * Data from two separate but related studies since this information was not in current article [1] ; we averaged mean and pooled variance over all participants.
† 18 subjects had very severe impairments and could not participate in randomization; thus n = 28 subjects were randomized across groups and analyzed.
limb function after robot-aided therapy. Although this result seems to contradict the traditional assumption that most recovery occurs within the first 3 to 6 mo after stroke with no further improvements later on [46] [47] , it is consistent with several more recent publications that claim that chronic patients (i.e., more than 6 mo poststroke) can improve upper-limb function [1, [48] [49] . The pooled mean increase in chronic stroke patients' FM scores after robot-aided therapy support the results of these recent studies.
A second potential bias is the difference in treatment intensity between experimental and control groups. In Krebs et al.'s summary study [32] , the robot-trained group received more hours of therapy (robot-aided therapy plus conventional therapy) than the control group (conventional therapy alone). This difference may have overestimated the effect of robot-aided therapy, since higher intensity therapy has been reported to lead to better results than lower intensity therapy [6, [50] [51] . Nonetheless, the potential motor-control benefit of robotaided therapy over conventional therapy is supported by the positive findings of the other controlled trial, in which the robot-trained and control groups received equal treatment intensity [38] . A third possible bias is the use of the upper-limb portion of FM for quantitative analysis. Although the influence of robot-aided therapy was training-specific in all eight studies (i.e., only detectable in shoulder and elbow), only the score of the upper-limb portion of the FM was reported; therefore, this measure (which included assessment of wrist and hand recovery) was used for pooling data. Calculation of total scores for assessment of training-specific improvements in motor control might have underestimated the influence of robot-aided therapy on clinical outcome. This may explain, in part, why the 6 percent increase in the upper-limb FM score after robot-aided therapy was statistically significant but not clinically relevant (≥10% increase in FM score) [52] . Thus, robot-aided therapy may be even more beneficial for reduction of motor impairments than postulated by our results.
Despite these potential limitations, our results justify more in-depth study of the positive effects of robot-aided therapy and the factors that influence these effects.
One interesting aspect concerns the different response to robot-aided therapy by different patient groups. Ferraro et al. distinguished between moderately and severely affected stroke patients (based on Canadian Neurological Scale and National Institutes of Health Stroke Scale stroke-severity estimates) and reported that moderately affected patients were more responsive to robot-aided therapy than severely affected patients [34] . This finding is consistent with other authors' findings that high initial motor function likely promotes positive stroke-rehabilitation outcome in general [1, [46] [47] 53] . Another study in our review reported similar results: the patients with the highest initial motor function increased more on motor-control measures after robot-aided therapy than the patients with the lowest initial motor function [36] . Accordingly, inclusion of subgroup analyses based on stroke severity in future studies would more extensively assess motor-outcome differences after robotaided therapy and expand our knowledge of the patient groups that benefit most from robot-aided therapy.
A second interesting aspect of our review concerns training specificity. In the studies we analyzed, only the shoulder and elbow were trained and only motor control of the shoulder and elbow improved. However, proper wrist and hand use is particularly relevant for functional use of the hemiparetic arm. The focus on the shoulder and elbow in these studies may partially explain the lack of functional ability improvement after robot-aided therapy. So, future attention on the wrist and hand may maximize the gains from robot-aided therapy. Research groups have recognized the importance of studying the wrist and hand and are extending their robot devices with distal trainers [54] . One group developed a separate robot device for distal upper-limb training and performed two clinical studies with encouraging results on enhanced recovery of pronation-supination and wrist flexion-extension with the Bi-Manu-Track device [12, 40] . A third interesting but unclear aspect is the role of individual treatment modalities in robot-aided therapy. Most trials implemented three different modalities in one robotic treatment protocol: passive, active-assisted, and active-resisted movements. However, these modalities were generally not tested separately; only the overall effect of robot-aided therapy was evaluated. One treatment modality may be much more effective than another. Only Fasoli et al. [33] and Stein et al. [36] tried to specify the separate contributions of treatment modalities. Fasoli et al. ' s results suggest that robot-aided therapy that incorporates active-resisted movements is more beneficial than active-assisted therapy for upper-limb recovery because a carryover effect on motor control in the untrained wrist and hand was found only after activeresisted therapy with the trained proximal arm [33] . However, in a replication study by the same research group, a larger sample of participants revealed no differences in motor recovery between active-assisted and active-resisted therapy, possibly because of differences in analytic methods [36] . The Fasoli et al. study included patients who did not have sufficient initial function to participate in the active-resisted training group and were "allocated" to the robot-assisted group instead [33] , which was not the case in Stein et al. [36] . Consequently, results from the active-resisted training group were overestimated. These findings show that certain types of robot-aided therapy may be less appropriate for certain patient groups. However, the contribution of individual training modalities to restoration of upper-limb function remains ambiguous.
Other treatment modalities may be relevant and suitable for incorporation into robot-aided therapy but have not yet been extensively explored. One possible modality is compensation of gravity for the upper limb. Most robotic devices provide some arm support, a feature that Sanchez et al. outlined [55] . However, Beer et al. specifically researched the potential of compensation of gravity on the upper limb [55] [56] [57] [58] . In previous research, they found that several muscle activation patterns are coupled in abnormal synergies during active torque generation in the hemiparetic upper limb (e.g., shoulder abduction by stroke patients impaired their ability to extend the elbow) [56] [57] . In subsequent research, they demonstrated that stroke patients' motor performance improved instantaneously without the influence of gravity on the upper limb because of a diminished need for active shoulder abduction and consequently increased ability to extend the elbow in static conditions [58] . Recent preliminary results suggest that the same mechanisms apply to dynamic conditions [59] . These findings indicate that compensation of gravity may stimulate improved motor performance of the upper limb. However, in a trial of single-case series, a group that received training with sling suspension of the upper limb (to support the arm against gravity) showed no improvement with respect to baseline [13] . Compensation of gravity, while fairly unexplored, may further stimulate upper-limb recovery in stroke patients. More research on this topic may give insight into which mechanisms are influenced by gravity compensation and may identify potential applications.
In addition to robot-aided therapy, other treatment types may effectively stimulate recovery after stroke. For example, preliminary results of Kahn et al.'s pilot study suggested that a group that received robot-assisted reach training (target is always reached) and a group that attempted to reach independently (no obligation to reach the target) had similar improvements in motor control [60] . Other approaches to stroke rehabilitation that have shown promising results include functional electrical stimulation [61] , pharmacology [62] , and several exercise therapy approaches [50] , including repetitive exercise [60] ; constraint induced therapy [63] , including a recently developed automated application [64] [65] ; and sensorimotor training [5] . However, overall comparisons of the effectiveness of several treatments are not abundant, and the available overviews are not conclusive as to the best approach for assisting recovery after stroke [4, [66] [67] . Future research should shed more light on the effectiveness of these interventions compared with or even in combination with one another.
CONCLUSIONS
This systematic review indicates that robot-aided therapy of the proximal upper limb can improve shortand long-term motor control of the paretic shoulder and elbow. This conclusion is supported by a quantitative analysis of short-term pooled FM data in chronic stroke patients and indicates that increased motor recovery of chronic patients is possible after robot-aided therapy. However, no consistent effect on the improvement in functional abilities has been reported. Restoration of motor control appears greater after robot-aided therapy than conventional therapy. We could not establish which aspects of robot-aided therapy (e.g., increased intensity of movements, most effective training modalities) were most responsible for the beneficial influence on recovery.
The clinical relevance of our findings is that robotaided therapy is a promising new approach to rehabilitation of upper-limb motor control after stroke. For both subacute and chronic stroke patients, robot-aided therapy can improve motor control of the hemiparetic upper limb, perhaps even more than conventional therapy.
